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SEROLOGIC PATTERNS OF HUMAN SERA
RECIPROCAL HETEROAGGLUTINATION REACTIONS OF
HUMAN AND SHEEP BLOODS*
GEORGE H. SMITH
Certain of the serological factors which vary with the individual
have been reported,t together with data supporting the idea that
age, sex, and blood group differences show some correlation with
the antibody titers measured. This supplementary note deals with
one of the antigen-antibody systems included in the former study,
the essential feature here being the significance of the host origin of
the antigen and of the antibody used. Specfically, herein are
recorded titrations of the heteroagglutinin of human sera for sheep
cells and of the corresponding heteroagglutinin of sheep serum for
human cells. Such cross-reactions serve to measure reciprocal rela-
tions, and thus offer suggestions as to the quantity and the quality
ofthe antigen and of the antibody as found in two species which are,
in general, serologically unrelated.
The results heretabulated embrace cross-titrations of 160 human
sera and erythrocytes with the serum and red cells of a single sheep.
The methods of testing and of evaluating the results in terms of
"units" have been described.
It maybestated at oncethatthere is no fixed relationship between
the amount of antibody present in a given human serum capable of
agglutinating sheep cells and the amount of antigen in the cells of
the same blood sensitive to agglutination by sheep serum. This
statement is, evidently, equally true for the capacities of the sheep
serum and the sheep cells in their reactions with human antigen and
antibody. Each varies, and varies independendy; thus, in a given
human blood the relationship between antibody and antigen may be
0:256 (expressed in "units"), with another blood it may be quite the
reverse, 256:0; or, and this is far more often the case, the ratio may
be essentially a 1:1 balance with the unit titers of the order 34:40,
or 120:136. And yet, despite such adegree ofvariability, it appears
that the relative values found when a reasonably large number of
sera (or of cells) of a given dass is tested and compared with other
classes, differences appear which can hardly be regarded as random.
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Given certain information relative to the source of the serum, or of
the cells, it is quite possible to predict, with rather better than an
even chance of having the guess verified, whether the serum will
be highly agglutinating or whether the cells will respond well to the
agglutinative action of sheep serum (quite possibly a prediction as to
which would be relatively inert would be more frequently justified
by test). The summary following offers some of the data in sup-
port of these statements.
In general, human sera are more agglutinative for sheep cells
than is sheep serum for human cells; the actual averages for the
tests made show:
HS/SC* average titer, 40.1 units
SS/HC average titer, 35.7 units
This is true, even though with individual specimens of human
cells titers with sheep serum are to be found which are distinctly
higher than are any encountered in the HS/SC system. Such an
approximate equality is to be found, however, only when fairly large
numbers of sera and cells are tested, and when the materials under
test are from a group of persons about equally divided as to sex,
unselected as to age group, and having the normal frequency of
blood group distribution.
Relationship of age to HS/SC and SS/HC titers
Here, as in earlier work, the age of the person providing the
serum has a bearing on the heteroagglutinin titer for sheep cells;
indeed, the curve expressing this change in titer in accord with age
differs but little with these 160 sera from that presented for the
much larger number. In both cases, a low titer during the first
year, a period of maximum titer between one and ten years, with
gradually diminishing titers for each decade of life thereafter seem
to be the rule. But when average titers for these same age groups
are determined upon the basis of the cells of these same bloods
reacting with the heteroagglutinin of sheep serum the situation is
changed. In fact, the average values throughout remain relatively
constant. The graph expresses the data included in the following
table.
* HS/SC human serum agglutinating sheep cells; SS/HC = sheep serum
agglutinating human cells. Again, it should be pointed out that in these tests
although 160 human bloods (sera and cells) were used, only one sheep serum and
the corresponding cells were tested.
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Age group
Less than 1 yr...............................
1 to 5 yrs......................................
6 to 10 yrs.....................................
11 to 20 yrs..................................
21 to 30 yrs. ..................................
31 to 40 yrs. ...............................
41 to 50 yrs...................................
51 to 60 yrs. ..............................
61 to 70 yrs..................................
71 yrs. and over .......
A-'Average titers--
Human sera Sheep serum
acting upon acting upon
sheep cells human cells
4.5 35.7
75.4 26.0
83.7 35.9
59.4 33.3
39.6 40.4
32.2 42.0
31.0 34.8
30.4 41.6
10.6 29.2
8.0 19.2
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Although the absolute values here given may be subject to modi-
fication, it seems quite reasonable to conclude that the trend indi-
cated represents a true condition, and that the antigen of human
cells competent to react with the heteroagglutinin of sheep serum
bears no direct fixed relationship to the antibody of human sera react-
ingwith sheep cells. The heteroagglutinin and the antigen reacting
therewith thus resemble the isoagglutinin and its antigen, and for
detecting the development of the heteroantigen it may be necessary,
as is the case with the isoantigen, to go farther back in the history
of the individual-into the fetal period. At all events, a lability
characterizes the antibody, a stability the antigen; and here again,
apparently, antigenic pattern antedates antibody elaboration.
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Relationship of sex to HS/SC and SS/HC titers
The group ofbloods tested comprised 78 derived from males, 82
from females, with the age distribution essentially the same in both
groups (average age of the males, 35 years; of the females, 33
years). The sexes differ but little in their average values for hetero-
agglutinin,-males 35.9 units, females 43.7. Here, as in the larger
series of tests already reported, the female sera average slightly
higher than do the male. It may be noted, however, that of the
seven sera which were devoid of demonstrable heteroagglutinin six
were from males (as might be expected), but if allowance be made
for these non-reacting sera the titers for the sexes remain essentially
the same,-males 38.9, females 44.6.
A similar relationship exists with respect to the antigen values.
Again, a difference of questionable value appears, with the cells of
femalebloods averagingslightlyhigherthanistheaverage formales
(females, 36.7 units; males, 34.4 units). It is probably safe to
assume that sex is of no great significance in regulating titer, if,
indeed, the word "regulate" can be so used.
Relationship of blood group to HS/SC and SS/HC titers
When this series of 160 bloods is subdivided upon the basis of
blood group, the number of sera to be found in any single class is
necessarily small and conclusions based upon average values thus
become increasingly subject to revision. However, the numbers
tested in both the HS/SC and SS/HC systems are the same and it
may be permissible to compare the one with the other in terms of
association with blood group. Only groups A, B, and 0 can be con-
sidered, since of these 160 bloods only 4 were of the AB group,
and these gave low values for both agglutinin and agglutinable
substance.
Of blood groups A, B, and O'there were 58, 34, and 64 sera
respectively, and with these the average titers for the two systems
were:
,..- Average titers--
-
Human sera Sheep serum
acting upon acting upon
Blood group sheep cells human cells
Group A (all ages, both sexes) ........ 34.0 14.9
Group B (all ages, both sexes) ........ 47.635.5
Group 0 (all ages, both sexes) ........ 42.9 5 5.4
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In the HS/SC titrations the higher value for group B, as com-
pared with those for groups A and 0, is quite in line with earlier
work, but the unusually high value for group 0 and the equally
low value for group A in the SS/HC system are unexpected and
can hardly be referred to chance. Possibly the low average (14.9
units) for the group A cells may be explained in part by the fact
that among all the 160 specimens of cells there were but nine which
were not agglutinated to some degree by sheep serum, and every
one ofthese nine was of group A. Obviously, blood group is associ-
ated more definitely with differences in agglutinability of human
cells by sheep serum than is the case with the agglutinating action
of human serum for sheep cells.
Further differentiation upon the basis of both blood group and
sex provides the following table:
r - Average titers -
Human sera Sheep serum
actingupon acting upon
r-Number of sera--, ,-sheepcells---, r-human cells---
Blood group Males Females Mdaes Females Males Females
Group A .... 28 30 29.2 38.6 16.6 13.4
Group B .... 21 13 39.3 61.1 41.0 26.7
Group 0 .... 28 36 41.0 44.4 46.9 62.0
These differences, which may be merely suggestive because of
the small numbers of sera in each classification, are expressed better
in the accompanying graph, where allowance is made for the unequal
numbers of sera tested in each dass. In the graph the total number
of "units" for all sera is apportioned upon a numerical basis in
accord with the number of sera in each subdivision, thus affording
what might betermed "expected values" for each category if sex and
blood group are without influence. These values are given in the
upper of each pair of horizontal columns; the first pair differenti-
ating according to sex, the second on the basis of blood group, the
third on the basis of sex and blood group combined. In each pair,
the lower column expresses the values actually found. It would
appear that inthe HS/SCtitrations, group B gains over the expected
value-largely at the expense of group A, and further, that this
condition is due more directly to the female group B class being
high, with the male group A class unusually low. In the SS/HC
system the striking points are that the actual value for group B
approximates the expected value, that the actual value for group A
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is less than half of what might be expected, and that group 0 is
unduly large, with the females of this group daiming the larger
share of the units, while the females of groups A and B are of dis-
tinctly lower values than might be anticipated.
These figures, and possibly the condusions also, will surely be
emended as more data accumulate. In the meantime, it may be
11 SHEEP SERUM- HUMAN CELLS
suggested that certain persons, of given sex and blood group, are
farless likely tohave agglutinable substance for sheep serum in their
cells than are others. The antigen pattern varies as does the anti-
body pattern, but independently. These facts may, indeed, be
matters of complete indifference in so far as the well-being of the
individual is concerned. And yet, it is conceivable that such patterns
have meaning.
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